A simple formula is developed to relate the size and settling velocity of cohesive sediment flocs in both the viscous and inertial settling ranges. This formula maintains the same basic structure as the existing formula but is amended to incorporate the fact that the flocculated sediment has an internal fractal architecture and is composed of different-sized primary particles. The input parameters needed for calculating the settling velocity include the median size and size distribution of the primary particles, the fractal dimension of the floc, the density of the sediment, and two calibrated coefficients that incorporate the effects of floc shape, permeability, and flow separation on drag. The proposed formula is compared with four data sets of settling velocity-floc size collected from the published literature, and a good agreement between the model and these data can be found.
INTRODUCTION
Different from non-cohesive sediments such as sand and gravel, cohesive sediment is a mixture of water and finegrained sediments (such as silt and clay) and organic matter of diverse nature (Winterwerp et the submerged gravity and resistant drag terms (the equilibrium settling condition) and assuming that the floc can be treated as a sphere with modifications for floc shape and permeability, the expression for w s can be written as:
Here, d f is the floc diameter, Δρ ¼ ρ f À ρ w is the effective density (excess density) of the floc (kg/m 3 ), and α is a nondimensional factor that accounts for the deviation in the relationship among the diameter, projected area, volume and settling velocity of a floc from that of a smooth solid sphere due to floc shape and floc permeability. For a smooth solid sphere, α ¼ 1.
At low Reynolds numbers (Re ¼ w s d f =ν, where ν is the kinematic viscosity of the water (m 2 /s)), Re < 1, the force balance between the creeping-flow resistant drag (F r ¼ 3παρνd f w s , which is an analytical solution to the governing Navier-Stokes equation solved by Stokes ()) and submerged gravity of a floc leads to the following expression of the floc settling velocity, i.e., the well-known Stokes' law:
where the drag coefficient becomes 
When Re 200, Equation (3) gives a good approximation of the real drag coefficient on spherical particles.
However, it should be noted that the settling velocity formula obtained by substituting Equation (3) into Equation 
Introducing such expressions into Equation (1) 
In the work of Ferguson & Church (), Equation (4) was tested against settling column experimental data, and good agreement was presented for a range of particle shapes in the viscous, transitional, and inertial regimes.
When considering that cohesive sediment floc is a fractal object and that it is formed by different-sized primary particles, which is more realistic in natural water bodies, the effective density of the floc can be expressed as
where ρ s is the density of primary particles, d pi represents the diameter of the i-th primary particle forming the floc, and k is the number of primary particles forming the floc. 
Substituting this mathematical relation into Equation (5) could yield (i.e., Equation (4)), we could obtain a new formulation for estimating the settling velocity of natural sediment flocs in quiescent water bodies as follows:
where d 50 is the median of the size distribution of primary particles for simplicity.
Equation (6) Stokes' law (Equation (2)) when c 2 ¼ 0.
COMPARISON WITH DATA
To examine the ability of the proposed model (Equation (6)) to estimate the settling velocity of cohesive sediment flocs, this study attempts to compare the model with four existing data sets of the settling velocity collected from the literature:
two are from in situ field observations, and the others are from laboratory settling column measurements, introduced as follows. Table 1 summarizes the information for these four data sets. The second and third columns show sediment conditions and experimental conditions, respectively. The number of data points in each data set is given in the last column. A comparison of the proposed model with four collected groups of settling velocity data is performed in this study, and a good agreement is found.
Table 2 | Summary of parameters used for the lines (that is, Equation (6)) plotted in Figure 1 and fitting coefficients Reference Primary particle size dp (micron) 
